Objective: To evaluate the reproducibility of digital tray transfer fit on digital indirect bonding by analyzing the differences in bracket positions. Materials and Methods: Digital indirect bonding was performed by positioning brackets on digital models superimposed by tomography using Ortho Analyzer (3Shape) software. Thirty-three orthodontists performed indirect bonding on prototyped models of the same malocclusion using prototyped transfer trays for two types of brackets (MiniSprint Roth and BioQuick self-ligating). The models with brackets were scanned using an intraoral scanner (Trios, 3Shape). Superimpositions were made between the digital models obtained after indirect bonding and those from the original virtual setup. To analyze the differences in bracket positions, three planes were examined for each bracket: vertical, horizontal, and angulation. Three orthodontists repeated indirect bonding after 15 days, and Bland-Altman plots and intraclass correlation coefficients were used to evaluate interand intraevaluator reproducibility and reliability, respectively. Repeated-measures analysis of variance (ANOVA) was used to analyze the differences between bracket positions, and multivariate ANOVA was used to evaluate the influence of orthodontists' experience on the results. Results: Differences between bracket positions were not statistically significant, except mesialdistal discrepancies in the BioQuick group (P ¼ .016). However, differences were not clinically significant (horizontal varied from 0.04 to 0.13 mm; angulation, 0.458 to 2.038). There was no significant influence of orthodontist experience and years of clinical practice on bracket positions (P ¼ .314 and P ¼ .158). The reproducibility among orthodontists was confirmed. Conclusions: The reproducibility of digital indirect bonding was confirmed in terms of bracket positions using three-dimensional printed transfer trays. (Angle Orthod. 2020;90:92-99.) 
INTRODUCTION
Orthodontic treatment should be efficient and effective, with the purpose of achieving excellent results during the final phase of treatment. Indirect bonding has been investigated over the years as a method with which to improve the bonding of orthodontic appliances. 1 Previous studies 2,3 found more accurate results by positioning the brackets with indirect bonding technique because the laboratory step eliminated the effect of salivary flow control, stress caused by longer duration of patient chair time, and impaired visualization due to the patient's lips, tongue, and cheeks. Yildirim and Sanglam-Aydinatay 4 compared direct bonding with indirect bonding and observed that both techniques had successful outcomes; however, indirect bonding presented better results with better leveled marginal ridges.
Digital technology has increasingly been used to obtain three-dimensional (3D) models for diagnosis and treatment planning. Virtual occlusal records were shown 5 to be precise for contact size and location in virtual bite registrations with an intraoral scanner. The digital indirect bonding technique also enables the possibility of superimposing the patient's tomographic image on the digital models in order to view dental roots and to determine accurate bracket positions. 6 Virtual setup, 3D printing of models, and digital transfer trays for indirect bonding are among the other advances. [7] [8] [9] [10] Originally, brackets were bonded to plaster models and transferred back to a patient's teeth with an indirect bonding tray. More recently, it became possible to plan the bracket position virtually and to design an indirect bonding tray on a computer to be 3D printed and used to transfer the digital plan back to the patient's malocclusion. 11 The digital indirect bonding technique was previously investigated for the efficacy and precision of the method, comparing final results with the virtual setup or with the results achieved by other bonding methods. and, in general, it was considered an efficient technique. [12] [13] [14] [15] [16] However, there are few studies on digital indirect bonding techniques. 1, 17 Another consideration is that indirect bonding could be subject to errors involving construction of the transfer trays. This could be due to the type of material used, inelasticity or inadequate accuracy (resulting in incorrect transfer of the bracket position), or incorrect tray fit or distortion. 18 Therefore, the aims of this study were to investigate the reproducibility of 3D-printed transfer tray fit on digital indirect bonding technique among orthodontists and to determine whether prior experience with other indirect bonding techniques or the number of years in clinical practice influenced the reproducibility of the procedure.
MATERIALS AND METHODS
This study was approved by the institutional review board of the Rio de Janeiro State University Hospital. One patient was selected and scanned with the Trios Color intraoral scanner (3Shape; Copenhagen, Denmark). The digital models were exported to Ortho Analyzer software (3Shape) for planning of bracket positions for performing digital indirect bonding performed by the Compass 3D company lab (Belo Horizonte, Minas Gerais, Brazil).
The patient's cone-beam computed tomography image was selected in order to superimpose this image on the digital models. To superimpose these two images, three equivalent points on each image were selected. Subsequently, the software set a bestfit superimposition, and the resulting image consisted of digital models reproducing the clinical crowns, while the tomography image showed the dental roots and surrounding bony structures.
For planning the bracket position on digital models, two different plans were devised using two bracket types: Mini Sprint Roth slot 0.022-inch (Forestadent, Pforzheim, Germany) and BioQuick self-ligating slot 0.022-inch (Forestadent). The virtual planning of Mini Sprint brackets did not include molars because of limited availability in the software virtual library.
The digital models with the brackets in position were exported to Appliance Designer software (3Shape), where the digital transfer trays were made. The software allowed for the construction of the tray limits on the buccal and lingual surfaces.
Thirty-three transfer trays and 33 prototype models of the selected occlusion were 3D printed using the 3D Stratasys printer (Objet 500 from Stratasys, Eden Prairie, Minn), and 33 orthodontists were asked to bond. The digital and prototyped models and the 3Dprinted transfer trays are shown in Figure 1 .
All of the orthodontists were asked to complete an informed consent form. They also answered four questions related to the following: their age; whether they had practiced another specialty beside orthodontics; their years of clinical practice; and whether they had previous experience with an indirect bonding technique. The sample was gathered from the 20th Brazilian Congress of Orthodontics of Sã o Paulo and from the Orthodontics Clinic of the Rio de Janeiro State University. Inclusion criteria were completion of an orthodontic residency at least 1 year prior to this study and current practice of orthodontics.
Each orthodontist was instructed on how to complete indirect bonding. To perform bonding, the orthodontists used the Transbond XT (3M Unitek, St. Paul, Minn) system. After indirect bonding, the brackets were light cured for 20 seconds on the buccal and occlusal surfaces. The prototyped models with bonded brackets were then scanned by an experienced operator with the intraoral scanner (Trios, 3Shape) after adequate calibration. The 33 sets of digital models with the indirect bonded brackets were imported into Ortho Analyzer software to compare the scanned models to their respective original digital plans.
Since there was no tooth movement, dental anatomy was selected to perform superimposition. Three points were selected in each arch. For the upper arch, one point on each buccal cusp ridge of the second premolars and one point on the mesial incisal edge of the right central incisor were selected. For the lower arch, one point on each buccal cusp ridge of the first premolars and one on the cusp tip of the right canine were selected.
A previously trained evaluator performed the measurements to analyze the possible differences between brackets. Every bracket image was evaluated by defining three different measurements: vertical (occluso-gingival), horizontal (mesial-distal), and angulation (the angle resulting from the difference between the long axis of the brackets). Three planes for each bracket were traced for sectioning in each of these directions. This allowed each bracket base to be used to calculate the differences.
The vertical plane was traced to be parallel to the long axis of the bracket in a frontal view (using the bracket from the original planned model as a reference) and to be perpendicular to the bracket base, considered an occlusal view. The horizontal plane was parallel to the inner limits of the bracket wings and was positioned in the center of the slot in the frontal view. For the angulation measurements, the plane was positioned in a frontal view parallel to the bracket base ( Figure 2) .
Two points were then marked to quantify the differences between superimposed brackets for angulation: one on each limit representing the bracket's long axis of the original planned model and a third point on the bracket's long axis of the scanned model ( Figure  3) . To measure the difference in the vertical and horizontal planes, a sectional view from each plane was obtained, and the greater distance was measured ( Figure 4 ). In this study, the analysis included a total of 356 brackets with 1038 measurements.
The method used to measure bracket differences was tested for reproducibility by having the same evaluator repeat the process 15 days later. Intra-and interevaluator reproducibilities were tested among the orthodontists. Three orthodontists were selected and asked to repeat the indirect bonding with the prototype transfer trays under identical conditions 15 days after the original procedure.
Statistical analysis was performed using ANOVA with repeated measures to evaluate the differences between the digital planning models and the models after bonding. Multivariate ANOVA was used to measure the influence of experience with indirect bonding and years of clinical practice. Bland-Altman plots were used to analyze reproducibility among orthodontists. Intraclass correlation coefficient measured the reproducibility of the method used. Statistical analysis was performed with statistical product and service solutions, SPSS for Mac (version 23.0; IBM Corp; Aramonk, NY).
RESULTS
Thirty-three orthodontists participated in this study, and they had a mean age of 40 years. Eighteen orthodontists had ,15 years of clinical practice, while 15 had .15 years of clinical practice. Eighteen orthodontists had clinical experience with indirect bonding techniques, while 15 did not.
Means and standard deviations for the differences between bracket positions were obtained. The means of linear differences for upper Mini Sprint brackets ranged from 0.05 to 0.75 mm and for lower brackets from 0.02 to 0.29 mm. Angular differences were from 0.838 to 4.158 for the upper and from 0.458 to 1.648 for the lower. The means of linear differences for upper BioQuick brackets ranged from 0.02 to 0.15 mm and for lower brackets from 0.02 to 0.16 mm. Angular differences were from 0.188 to 1.058 for the upper and from 0.248 to 1.078 for the lower.
ANOVA for repeated measures found no statistically significant differences for bracket positions in all four groups, with the exception of horizontal differences for the lower BioQuick brackets (P ¼ .016).
Intra-and interevaluator reproducibility were confirmed by the Bland-Altman plots ( Figure 5 ) for each of the three orthodontists, divided by each dimension.
Intraclass correlation coefficient results were all .0.75, indicating excellent agreement. The results for the four models were 0.831, 0.848, 0.762, and 0.905.
Multivariate ANOVA demonstrated no statistically significant influence of the number of years of clinical practice or previous experience with indirect bonding techniques for the results of difference in bracket positions (P ¼ .314 and P ¼ .158).
DISCUSSION
To evaluate the reproducibility in bracket position, tracing the vertical, horizontal, and angulation planes allowed the same standard view for the measurements taken by the evaluator. This increased the accuracy of the method, as previously confirmed by Horton et al. 19 They concluded that every method that allowed the evaluator to move and rotate the digital model in any direction resulted in a higher risk of bias.
The horizontal differences among positions of lower BioQuick brackets were statistically significant (P ¼ .016). However, analysis of the other two dimensions (vertical and angulation) for the BioQuick group did not show significant differences. Additionally, the overall mean difference in bracket positions among this group was 0.05 mm, with a standard deviation of 0.04 mm, confirming that the difference was minimal.
Armstrong et al. 20 stated that only differences of .0.25 mm for the positioning of incisor brackets and 0.5 mm for other teeth should be considered clinically significant. The model grading system developed by the American Board of Orthodontics noted that discrepancies of .0.5 mm in alignment and leveling of teeth would result in a negative evaluation. 21 Castilla et al. 22 concluded that differences of .0.13 mm in opposite directions for adjacent brackets should be considered clinically significant. Koo et al. 23 found horizontal differences of 0.18 mm and vertical differences of 0.31 mm when analyzing indirect bonding. In the current study, the overall linear differences ranged from a mean of 0.04 mm to 0.42 mm, in agreement with those observed in the literature, confirming the reproducibility of the technique.
With regard to angulation, Larson et al. 12 stated that differences of less than 28 could be considered clinically acceptable. Koo et al. 23 found mean differences of 2.438 among brackets after indirect bonding. In the current study, the differences in means for each group were also less than those observed in the literature: 2.038 (upper Mini Sprint), 0.918 (lower Mini Sprint), 0.458 (upper BioQuick), and 0.598 (lower BioQuick).
Kim et al. 24 evaluated the accuracy of a digital indirect bonding system by comparing the differences between the intended digital bracket positions and actual bracket positions after indirect bonding of five maxillary arch models. The current study confirmed the findings of Kim et al. 24 , who found no clinically relevant differences in bracket position. In that study, 24 angulation mean differences were 1.538 and 1.528. 12, 23 De Oliveira et al. 25 compared the accuracy of digital indirect bonding with direct bonding performed by experienced clinicians and postgraduate students. Their results showed that clinical experience had a positive influence on accuracy with regard to angular dimension in digital bonding. The current findings demonstrate that clinical experience had no influence on the reproducibility of bonding with prototyped transfer trays, although the accuracy of bonding between different techniques was not compared.
A possible reason for the discrepancies observed among bracket positions could be the differences in positioning and fit of the prototype transfer trays on the models by each orthodontist. Incorrect fit of the tray could lead to an error in its occlusal position. Additionally, the wrong fit of each bracket in its respective space in the tray could also lead to errors, thereby decreasing the accuracy of the technique. 22, 26 Advantages of the digital indirect bonding technique include possibly less archwire bending, the need for fewer appointments to change bracket positions, and the opportunity to demonstrate to the patient the 3D treatment plan on a computer screen. 14, 27, 28 Additionally, digital indirect bonding with 3D-printed transfer trays allows the bracket base to be free of adhesive before clinical bonding. This advantage decreases the risk of failure of adhesion after clinical bonding and the possibility of having excess adhesive on the bracket base surface. 16 Figure 5 . Altman-Bland plot for intraevaluator analysis: A, B, C, Reproducibility regarding vertical dimension for each of the three orthodontists who repeated the indirect bonding (orthodontists 30, 31, and 32, respectively); D, E, F, for horizontal dimension; G, H, I, for angulation. First and third lines: upper confidence intervals; second line: upper limit; fourth and sixth lines: lower confidence intervals; fifth line: lower limit.
This study was a preliminary investigation of the digital indirect bonding technique regarding the precision of 3D-printed tray fit, with controlled variables such as different types of malocclusions. Therefore, further clinical studies to test the reproducibility of bracket positioning with a variety of malocclusions, as well to test the influence of the clinical environment to analyze the accuracy of the technique, are required.
CONCLUSIONS
Indirect bonding using 3D-printed guides can accurately reproduce the position of brackets virtually placed on digital models. This can occur regardless of the orthodontist's previous experience with the technique or the number of years of clinical practice. Both self-ligating and conventional bracket libraries can be used for digital indirect bonding. There were no statistically significant differences between the digital plan and the bonded brackets placed with 3Dprinted indirect bonding trays, except for lower BioQuick brackets, in which case the difference was not clinically relevant.
